The Phonological Working Memory (PWM) plays an essential role in many cognitive functions, such as language acquisition. Impaired PWM can result in learning disability. Therefore, the existence of a standard test for the assessment of this ability, especially in children, is vital. Evidence suggests that the Non-Word Repetition (NWR) task is a good representative of PWM competence. This study aimed to normalize the NWR test for Farsispeaking children. Also, we aimed at assessing the external reliability of this test.
Introduction
orking Memory (WM) is a kind of storage, responsible for temporarily saving environmental information and manipulate them [1] . Baddeley and Hitch presented a multi-component WM model, which became the basis of many further studies on WM [1] . This model included the phonological loop responsible for acoustic information processing, the visuospatial sketchpad for storing and manipulating visual and spatial environmental data, and the central executive component as the attentional control system [1] . They added the episodic buffer as the fourth component to the model, which acts as a linkage between WM and Long-Term Memory (LTM) for exchanging information.
Modern Rehabilitation
Phonological loop involves two components: temporary storage and a subvocal rehearsal system. The subvocal rehearsal system helps to maintain the stored information with refreshing them. It also records visual information through the store, to provide ability of naming items [2] . The Phonological Working Memory (PWM) plays a significant role in complex human cognitive activities, such as control of action, mathematical learning, literacy, and linguistic processing [2] [3] [4] [5] . A large amount of evidence shows the critical role of PWM in language acquisition [6] [7] [8] [9] . Various tasks such as Non-Word Repetition (NWR), forward digit span, letter span, and word list recall are designed for assessing PWM [10] [11] [12] [13] .
The NWR task can be called as the most appropriate task for reflecting PWM competence [14] . In this task, the subject is being asked to repeat an unfamiliar phonetic sequence such as "bestial" immediately after hearing it [15] . Gathercole [20, 21] . There are similar valid and reliable NWR tests in the Persian language [22, 23] . A crucial psychometric aspect of every standardized test is to be normalized. For example, Gathercole et al. calculated the norm score by testing 612 children who were 4-9 years old [15] . By normalization of data, it is possible to compare the examinee's performance with the general population. So, researchers can interpret the subject's test scores with these data, while there are no reported normalization data for any NWR tests in the Persian language.
Considering the essential role of PWM in learning ability and the importance of the existence of a standardized test to evaluate this ability, we performed this study. This study aims to normalize the NWR test of Sayyahi et al. [20] in 4-9-year-old children. To the best of our knowledge, it is the first study in normalizing an NWR test in the Persian language. Also, we aimed at comparing the scores between different ages and genders.
Materials and Methods

Population and sampling methods
This research was a cross-sectional and descriptive-analytic study. The initial number of participants was 455 children in 5 age groups between 4:00 and 8:11 (year: month). We selected the children from kindergartens and elementary school of Tehran City, Iran. We considered the impact of Socio-Economic Status (SES) in sampling. So, in each age group, we selected our participants almost equally through 4 different regions (north, south, east, and west) of Tehran. We considered children coming from the northern region as having high SES and children from the southern region as having low SES. The Eastern and western children were regarded as the middle SES group. Also, we tried to have male and female in equal number for each group. The inclusion criteria consisted of being monolingual, having normal language development, and lacking any psychiatric or hearing disorders. In the testing procedure, we planned to exclude the children, who were reluctant and inattentive to the tests. In this regard, 3 children did not complete the testing procedure.
Research tools
Sayyahi et al. provided the first valid and reliable NWR test in Persian [20] . It consists of 25 non-words in 4 levels of length (1-4 syllables). It also includes a parallel test with the same number of non-words. The task was performed in a way that the child heard the pre-recorded non-word and asked to repeat it immediately as correct as possible. The non-words were recorded with a female voice, continual, and with 3-seconds intervals. We recorded the participant's voices with a SONY ICD PX333 digital voice recorder for subsequent scoring. We scored 1 for correct answers and 0 for the wrong or ambiguous repetitions.
Procedure
The testing procedure was performed in the kindergartens and elementary schools in Tehran. We moved the children one by one to a quiet class and attempted to remove all distractive factors.
Data analysis
All the statistical analyses were performed in SPSS V. 24. To examine between-group differences, we recruited the Analysis of Variance (ANOVA) test and also Tukey HSD test, if necessary. We used the paired-samples t test and independent samples t-test to compare the means scores of the two groups. The Pearson correlation coefficient was used to determine the relationship between the means of main and parallel test scores. The Pearson correlation was also used to examine the relationship between NWR scores and age groups. All the analyses were performed at the significance level of 0.05.
Results
The data of 454 children (210 boys and 244 girls) in the main test and 453 children (208 boys and 245 girls) in the parallel test were gathered. Table 1 presents descriptive statistics. The mean score of the main test was significantly lower than the parallel test (t=-11.57, P≤0.001). Also, we examined the relationship between the two tests scores. Data analysis showed a significant correlation between the scores of the main and parallel tests (r=0.52, P≤0.001).
The ANOVA showed a remarkable difference between the different age groups in both tests. We found a direct relationship between the groups' age ranges and NWR mean scores ( Figure 1 ). Tukey test revealed that the mean scores of the group No. 4 had a significant difference with groups No. 1 (P=0.005) and 2 (P=0.038); group No. 5 had a significant difference with groups No. 1 (P≤0.001), 2 (P=0.001), and 3 (P=0.002). In the parallel test, the mean scores of group No. 4 were significantly better than groups No. 1 (P≤0.004), 2 (P=0.002), and 3 (P=0.011). Also, the mean score of group No. 5 was significantly better than that of groups No. 1 (P≤0.001), 2 (P≤0.001), and 3 (P=0.001).
We assessed differences between genders with the independent samples t test. We found that boys had a significantly better performance than girls in both tests (Table 2) .
Also, we examined the children's performance among different SES groups. There were no differences between the mean scores of the main test (F 3, 450 =1.20, P=0.309) among children coming from different regions of Tehran. While, in the parallel test, the analysis showed a significant between-group difference (F 3 , 449 =6.00, P=0.001). Tukey HSD showed that the group of children from the eastern regions got significantly lower scores than the children from the north (P=0.002) and south (P=0.001). Table 3 presents the calculated Z-scores and standard scores of each age group for both tests. Also, the percentage of children in the minimum, maximum, and average score ranges are reported in Table 3 . Figures 2  and 3 show the frequency distribution of participants' standard scores.
Discussion
The primary objective of this study was to normalize the NWR test designed by Sayyahi et al. among 4-to 9-year-old Farsi-speaking children. The provided standard scores for each age range could be used to com- pare the PWM ability of Farsi-speaking children with the normal community. The results indicated that, in all age groups, few children obtained minimum (≥69) or maximum (≥131 or 120-130) scores, and the majority of the children showed average performance (90-110). The raw scores of the examinees could be converted to the Zscores to compare their ability to the mean score of that particular age range. The Z-score is a numerical measurement, which shows that a data point is how many standard deviations below or above the mean score of that community [24] .
We observed that the mean scores of the parallel test were significantly higher than those of the main test. In this regard, we should consider the point that in the testing procedure, both tests sets have been performed successively. Besides, the main test was completed before the parallel test for all participants. Although both NWR tests sets were completely different, the findings suggest that children's performance will improve with becoming more familiar to the NWR task. However, the results revealed a remarkable correlation between the two test scores. This finding suggests the high external reliability of the NWR test and, indeed, both tests can be recruited to assess PWM ability without exception.
The findings of this study revealed that PWM performance had a direct relationship with chronological age. The NWR test involves many processes such as auditory processing, phonological processing, motor planning, and motor execution [25] . Therefore, obtaining more cognitive competence among typically-developing children by getting older is a good reason to receive better NWR scores. This finding agrees with previous studies in this regard [19, 26, 27] . Furthermore, the effect of more educational experiences is another reason. As all of our participants were selected from education centers; they were exposed to various daily educational experiences. As reported in the results, we saw a significant increase in the mean scores of 7-year-old children, who are almost concurrent with the elementary first grade. Also, we should notice an essential component of the phonological loop in the subvocal rehearsal system. This component plays a critical role in PWM tasks. The subvocal rehearsal involvement increases with higher PWM demands like repeating non-words with more syllables.
Evidence shows that the development of subvocal rehearsal component is after the sixth year [28] . Therefore, the slight differences in the age range before obtaining this ability and remarkable increasing after the sixth year is justifiable.
We observed an exception in the above paradigm. There was a slight reduction in the mean scores of the parallel test from the 4:00-4:11 to 5:00-5:11 age range. However, this reduction was not remarkable (P=0.967), and the mean difference was less than 0.25. This phenomenon was also observed in a similar study in the United Kingdom [14] .
To obtain a better normative data, an almost equal number of girls and boys were included in each age group. A general comparison of the girls and boys scores showed a better overall performance of boys in both test sets, while the results gathered from similar studies in other languages show an equal performance between sexes [19, 27] . Besides, as the normative data should represent the performance of the entire community with different SES, the probable impact of these factors on PWM was considered and NWR test was performed in 4 different regions of Tehran. We observed that children of the eastern areas of Tehran obtained lower scores than the northern and the southern regions of the parallel test. These different performances among different geographical areas have been already reported in similar studies [19, 27] . Available evidence suggests that SES has an essential role in children's phonological development [29, 30] . However, as there was no difference between the southern, northern, and western groups as the represen-tative of low, high, and middle SES, the results did not implicate this conclusion in PWM ability. Furthermore, no difference was seen in the mean scores of the main test among different regions. The independence of phonological ability from SES was already reported in the study of Dodd et al. [31] .
Because of the research and sampling conditions of the educational centers, as well as the high sample size, this research had some limitations. For example, the main and peer tests were not executed on different days. As another limitation, the number of participants of two sexes in our sample was not exactly equal in spite of our effort.
Conclusions
The NWR test has good external reliability. We found that NWR performance increases in children as a cause of education in addition to getting older. The normative data and standardize scores in the current study can be used to evaluate PWM ability in Farsi-speaking children.
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